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Abstract 

To estimate the hoMth risk Of a specific past of the population duo to an. eaviianxuentel factor, rile erasure can ha 
measured and consecutively evaluated by means of toridty data from the literature. To fee Uifa ta the choice between 
paramotoia of external exposure QfrtEjQ versus bimnalkcis of exposure CBmlix), a guideline is proposed. Which 
consists of eleven considerations. (1) Local effects (directly on airways, eyes Or akin) usually require P.tP.t, wheltas 
systemic effects call for ri,- (2) determination of the contribution of a specific, environmental source among 
multiple, e.g., Eon-environmental sources of a substance eslle for P tTV (3) The availability of a reliable CtrpCSUTC-re- 
aponsa relationship far die effect considered and of a health-based limit value; theoretically a relationship based on. 
BmEx can be more reliable- (4) The possibility to determine reliably the exposure data that are needed, depending 
□a the time and duration of the sampling with nSSpoct to the patient of the external exposure, on the number of 
samples, and the toiicoklnetic properties. (5) inconvenient route of easy points to Bm'Rx. (6) The presence of a 
group at risk duo to Intake-related behaviour or tpri eolaafija nulla for EmEt (71 In the aaSe of non-apreificity of 
BraEx due to other substances the increase or decrease Of the effect predicting value should bo evaluated. (?) 
Substantial probability of effects calls for BmEx. (9) Feasibility of sampling technique and reliability of the analysis. 
(10) Acceptance by the public points to BmEx, (11) Cost-effectiveness. Several examples illustrate this guideline. 
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1. Introduction 

Given a population exposed to ait environmen¬ 
tal pollutant, for which one wishes to estimate the 
resulting health risk, which is the beat choice lor 
this estimation: a biojnarkar of exposure 1 CBjnEx) 


‘Conform NAS (1939), a bicmaifcer of omasum, is sn 
[nmEtnouj substance nr Ite metpbylitn or tbe product of an 
inmraciloa IjcIwccq x mnnblotlc agent and some uigct 
molecule or cell that is measured in iadHiduais. 
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Or a parameter of external exposure. (EiEri? In 
thin approach the health risk is estimated not by 
measuring parameters of the critical effect, but by 
m easurin g sous indicator of exposure and ‘pre¬ 
dicting’ the effectfs) by means of exposure-re¬ 
sponse relationships available from the literature' 
(e.g,, Aldrich, et aL, 1992). 

To acquire insight into which considerations 
are relevant for this choice, one is inclined to 
search for reports where a. health-risk estimation 
based on BmEa was computed with an estimation 
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based on ExEx lor the same environmentally ex¬ 
pand population, and what® both predictions 
have been cheeked with the teal outcome, How¬ 
ever such experience is not available in the litera¬ 
ture. This is not amazing, because in practice the 
Investigator chooses the alternative that he con¬ 
siders the most adequate in that specific situation, 
and he will not spend additional money for a 
method that seems less valid. Further, the out¬ 
come, of a health-risk estimation is seldom 
checked, because such a prediction is, often delib¬ 
erately, done instead of a measuremont of effect. 
Even if such a comprehensive procedure, i.e„ 
compare two methods of effect prediction with a 
measured effect, would have been completed in a 
specific situation, it is highly questionable whether 
the- conclusion (‘which alternative performed 
best') has any meaning for another situation with 
another population and, by definition, different 
conditions, e.g., other characteristics of the set of 
collected samples. Therefore, a guideline has to 
be based merely on reasoning, personal experi¬ 
ence and anecdotic^] Information. The subject Is 
not systematically discussed elsewhere in the lit¬ 
erature on biomarkets (Ho and Dillon, 1987; 
Hulka, 1990; Stevens et si., 1991; Armstrong et 
al>* 1992, etc.), 

The important choice between tha estimation 
of health risk using exposure data, and the direct 
measurement of health effects, is only touched 
upon here. When an effect seems to be unlikely, 
the number of exposed, subjects is small and the 
potential effects are non-specific and have a, long 
latency, the health effect cannot be measured 
reliably and a health-risk estimation is preferable. 

The guideline proposed here, consists of a 
checklist of eleven considerations. It is intended 
for an investigator in the design of a study to 
assess and evaluate the exposure of a population 
to an environmental pollutant. But, before it is 
used, the purpose of that study must be clearly 
established, a most crucial question in practice 
proves to be: Ts the study primarily an exposure 
assessment?’, sometimes, with the thought that 
the exposure will appear insignificant to health; 
or: ‘Is the study primarily a prediction of health 
effects in this population?'. The character of the 


study purpose largely determines the outcome of 
some of the considerations (i.e„ considerations 1 
and 7), 

The guideline can be seen, as an instrument of 
public health care. Such instruments promote that 
the activity which Is designed with their help i.e., 
a study evaluating population exposure is of high 
quality. To that end the guideline should address 
throe aspects: (1) technical quality, i.e., the valid¬ 
ity with respect to the study purpose; (?-) process 
quality, he,, the feasibility; and (3) strategic qual¬ 
ity, i.e., the effectiveness of the outcome with 
respect to d&tision making (van DJjk et ah, 1593). 
The first considerations within this guideline 
mainly refer to the validity of the study and the 
final considerations to its feasibility and strategic 
properties, 

Same relevant steps between the source of - 
pollution and the adverse health effect are shown 
in Kg, 1. External exposure is defined as the 
exposure at the borders of entry of a subject. It 
better predicts the effect under study than the 
ambient levels in the area do, Still, Individual 
E;ffbc is seldom measured in population studies 
because of the large efforts needed. Instead, the 
ambient concentration in the area is often taken 
as a surrogate (‘proxy") for personal external ex¬ 
posure. 

‘Biological 1 effect means an early, non-adveise 
effect of the exposure, which can be used to 
predict the critical effect. ‘Critical’ effect means 
the earliest effect that is considered adverse to 
health. Concentration, and excretion refer to the 
parent compound, its metabolites, or maere- 
tnOlecular adducts, The mare closely ft parameter 
is linked to the causal chain to an effect, the 
better is ita validity in the estimation of the inten¬ 
sity or probability of this effect. So a biomarker of 
the exposure at the target site better predicts the 
potential effect than ExBx. On the other hand, 
when there la a large variation in a Bin Ex, which 
is only partly related to the concentration an the 
target site, tlus BmEx may predict the effect even 
worse than the ExEx, The fact that BmEx are 
potentially better effect predictors than ExEx are, 
provides them with some preference in the guide¬ 
line. However, WHO (1993) mentions that, for 
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Fig. 1. Some relevant steps between the inunw of pollution and ihc advene CcrittfiaT} health efface. Totico kinetic. procarscs are Id 
Italics. * Indicate* potential Homartas of exposure 


only about sixty chemical agents, one or more 
biomarkers are available. 

2. Proposed guideline 

2.7. Consideration! 

Consideration. 1 Indicates that concern tor local 
effects requires BxE*. whereas systemic effects 
call for B infix. 

If the critical effect is local, i.c., directly on 
airways, eyes or skin, parameters of ExEr. indicate 
the exposure at that target site more accurately 
fha-n BmEx, as the first are not influenced by 
taxiccldnetic processes. This especially holds for 
acute effects, like irritation, for which the instan¬ 
taneous concentration is most important, whereas 
the concentration pattern of BmEx Is attenuated 
by kinetic processes. Apart from this, many im¬ 
portant irritant substances are not detectable in 
body fluids. An racoptlon is whan the local effect 
is predominantly determined by the integrated 
exposure over a long period and the substance 
only enters the body via the tissue Of concern and 
the substance has a slow rate of elimination; then 
a BmEx might be advantageous. 

.2.2. Consideration 2 

Consideration 2 indicates that determination of 
the contribution of a specific source/route among 


multiple, e.g,, neat-environmental, sources of a 
Substance calls for ExEx. 

The population conakia of different subjects 
with varying exposure to the substance under 
study. Often the exposure not only originates 
from the ambient environment, but also from oc¬ 
cupation, nutrition, hobby or personal habits like 
tobacco smoking. For the purpose of the study it 
is desirable to establish to some extent the magni¬ 
tude of the contribution from the environmental 
sources to the exposure, separated from the other 
sources. Here ExEx is often more in fo rmative 
than BmEx, as BxEx It more directly linked to the 
source, e.g„ health risk due to soil polluted with 
ubiquitous metals. If the environmental contribu¬ 
tion to an effect has to be estimated, data on 
absorption via the relevant routes of entry are 
needed. 

By using BmEx, the environmental contribu¬ 
tion to the On tern al) exposure can be estimated 
in an indirect way. But then One needs a control 
group which is carefully matched for all nan-ea- 
Ytronmenial sources. A statistical model using 
data, c.g., from q u estionnaires, an contact with 
tho relevant source* may increase the precision of 
the estimate of the environmental contribution. 
In practice, such a. control group will bo hard to 
find. With a control group of only moderate^shni- 
laxity, statistical support is indispensable and the 
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conclusion Is liable to errors, c.g,, due to impre¬ 
cise estimates of the different sources and due to 
differences in toxicokmetlc factors. 

2.3, Consideration 3 

Consideration. 3 is concerned with the availabil¬ 
ity of a reliable ecpasure-response relationship or 
heaUh~base4 limit value for ExEs vs. BmEx; theo¬ 
retically, criteria based on BrnEX can bet more 
precise. 

It is assumed that, in the literature, an expo¬ 
sure-response relationship exists for the potential 
effect of the agent to be evaluated. The exposure, 
whether external or Internal, ideally Is expressed 
in such a way that it allows an accurate estima¬ 
tion of the magnitude of the response parameter 
for different exposure patterns in time. Such an 
exposure parameter is a function of the concen¬ 
tration (c) or amount, and time it). It may be the 
the average concentration, the cumulative con- 
eentraiion X(c >{), or a weighted cumulative con¬ 
centration e.g-, where recent exposure has more 
weight than, past exposure, or where concentra¬ 
tion peaks have extra weight, or where a latency 
time is incorporated. So the 'real' exposure func¬ 
tion will be rather complex Bud usually unknown. 
In an available exposure-response relationship, 
the ‘exposure’ Is only a simplified ‘stand-in’ for 
this unknown real exposure function. 

Available exposure-response relationships are, 
with a few exceptions, very fragmentary. Instead 
of being a continuum, they usually only consist of 
a few points with often unspecified, large uncer¬ 
tainties and are derived from heterogeneous stud¬ 
ies. Exceptions are biomarkers of exposure to 
lead, cadmium, metallic- and alkyl mercury 
(Zieihuis 19911. So, in estimating health risk, as¬ 
sumptions and interpolations are inevitable. The¬ 
oretically, an exposure-OiystemicJresponsc rela¬ 
tionship based on a BmEx can be more precise 
than one based on ExEx, because most BmEx are 
more closely related to the effect. 

A Simple but often justifiable alternative is to 
use a health-based limit value: for ExEX, by exam¬ 
ple, a maximal allowed concentration in air or the 
acceptable daily intake (ADD; for BmEx a biolog¬ 
ical exposure Index (ACGIH 1992) or, better, an 
equivalent for exposure of the publie. The extent 


to which the limit value is exeaded is determined 
in terms of the exposure parameter itself or in 
terms of the number of subjects. Then the mean¬ 
ing to health of the excursion should be de¬ 
scribed. To this end, the positive and negative 
predictive value of the ExBx or BmEx parameter 
with respect to the health effects should be known. 
However, few health-based limit values exist for 
exposures from the ambient environment. 

2,4. Consideration 4 

Consideration 4 is concerned with the possibil¬ 
ity to determine reliably the exposure data that 
are needed. 

Relevant factors are the time and duration of 
the sampling with respect to the pattern of the 
external exposure, the number of samples, the 
tojdcokiJKtic properties of the substances in¬ 
volved, and the mere availability of a BmEx, 

When the 'exposure’ of a group is determined, 
one aims at establishing the magnitude of the 
exposure parameter that also figures In the rele¬ 
vant exposure-response relationship. However, in 
the situation to be evaluated, die exposure can 
only be estimated by using the concentration in, 
usually present time, specimens, limited in num¬ 
ber, in combination with historical data on the 
time pattern pf the exposure. 

With respect fo the time period of which a 
Bample gives information about the exposure, in 
principle there is no difference between ExEx 
and BmEx. In both situations the sample can be 
regarded as a part of a 'compartment' with an 
influx and an efflux of the substance; these de¬ 
termine the 'time window 1 that the sample offers. 
In a specific situation the view that can be pre¬ 
sented by ExEx and BmEx should be compared. 
So, for BmEx, the toxieakinotic properties in that 
medium should be known to Indicate the time 
period of which the BmEx reflects the exposure. 

Examples, After a one-week expo sure to a 
lipophilic organic solvent, the early post-exposure 
concentration in exhaled air only reflects the ex¬ 
tent of exposure during the very last exposure 
period. However, the length of this period strongly 
depends on the time elapsed between the end of 
the exposure and the moment of Sampling the 
exhaled air. A few minutes after exposure, the 
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exhaled air concentration largely depends an the 
amount of solvent present in the tissues 'with high 
blood flow. In contrast the concentration in cat- 
haled air several days after the end of exposure 
reflects the exposure during the whole week, be¬ 
cause then the exhaled air concentration depends 
on the amount of solvent present in the fatty 
tissues with low blood flow, which amount has 
been build up during that week of exposure. A. 
leaking valve id a factory caused an, airborne 
metal exposure of neighbouring residents for an 
unknown number of weeks. After detection the 
leakage was immediately terminated. A health- 
risk estimation of the population could only be 
based on BmEx. l.e^ in hair. 

If the exposure is Still present and it can be 
assumed that no important changes in the expo¬ 
sure have occurred, the biomarker reflects the 
exposure during the recently finished time period 
of say one half time (f y/1 of elimination), but this 
holds only if it is justified to characterise the 
elimination by one single t 1/3 . Otherwise a speci¬ 
fic kinetic model with known, parameters should 
be used (Smith, 1991). If several biomukers are 
possible in a specific situation, their ability to 
reflect the relevant exposure period influences 
tiic choice. BmEx is more feasible when BsEx 
varies significantly or unpiedlaably in time, while 
BmEx Is relatively stable and the relevant health 
effect is determined by the latter. For many 
chronic effects, the exposure over a long time 
period determines the effect os health. If a subs- 
toned produces macrdxrta IeCiLl ar adduces, these 
will usually have a relatively long half-life (several 
months). In that situation these adducts better 
reflect the relevant exposure than, the concentra¬ 
tion of short-living substances or metabolites. 
However, experience is lacking with predicting 
no&~gefloto»c affects using macromfileeulax 

adducts. 


25, Considerations 

This takas into account an inconvenient mute 
of eutiy points to BmEx. 

Sometimes the population Is exposed via a route 
of entry that does not allow to estimate the in¬ 
take, i.a, the skin. In such an occasion a BmEx la 


needed. For example, in The Netherlands the 
exposure of windsurfers to polycyclic aromatic 
hydrocarbons in the water of a lake was estimated 
by means of the ereretion of 1-hydiOTypyrene in 
urine as a BmEx, and appeared to be 1,7 times 
the pre-expOshxe value (yati de Weerdt and Jon- 
geacelon, 1991). 

2-6. Consideration 6 

This considers the presence of a group at risk 
due to intake-related behaviour or to toxicokinet¬ 
ics calls for BmEx 

For an accurate estimation of the health risk, it 
is also desirable to take into account personal 
behavioral factors that increase the amount in¬ 
gested or inhaled. It la also desirable to incor¬ 
porate possible susceptibility factors with, respect 
to toric&Srinotlcs, including absorption and bio- 
transformation, e.g,, by the cytochrome -P- 450 - 
complex, of which the activities have substantial 
inlorindividual variation. In. a population' study, 
these factors can seldom be quantified, as such, 
but most of them are ‘automatically’ taken into 
account in using the right BmEx. 

27. Consideration 7 

In the case of non-specificity of BmEx due to 
the presence of other substances the increase or 
decrease of the effect-predicting value should be 
evaluated. 

If the considered BmEx la non-specific,. i.o., 
influenced not only by the substar.ee under study, 
but also by ether substances, the position of this 
BmEx in the 'network* between exposure and 
effect should be evaluated. An example is given in 
Fig. 2. 

Here, X, V and Z all are non-specific 
metabolites of environmental agent A, while W is 
a specific metabolite. In a situation where agent B 
is present (In varying amounts), the effect-predic¬ 
ting value of X and Y increases, both compared 
to W; wh«Q agent. C ii present the effect-predic¬ 
ting value of Z decreases. 

Examples. Benzene is transformed to a carcino¬ 
genic product, and to phenol, respectively, which 
is excreted in urine; the latter is used as BmEx. 
However some food constituent, by producing 
phenol as well, diminish its use to estimate ben- 
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Effect 


Fig, 2, Kpn-»p«ifio Homwkcn of mpdaum pt, Y and Z) to 
Agoht A can, In comparison to * specific ftlonmdiar CW5, 
incxonse (X and Y) or decucnsc (zl tho valllo of pcccHcdng an 
effect Ci hen other substaace* are present CAgeucs B and -0 


zone closure and effects (cf, Z in Fig. 2). 

Lead inhibits ferrophelatase, thereby increasing 
the concentration of zinc-protoporphyria (ZPP) 
in red blood cells. The latter is used as BmEx for 
lead; ZPP is also increased by iron deficiency, in 
predicting anemia this is ah advantage, in predict¬ 
ing lead-related decrease of aervo conduction ve¬ 
locity it ia a disadvantage. 

Many organophosphate insecticides with dif¬ 
ferent tarieodynamlc properties, e.g., to inhibit 
plasma^ erythrocyte- and nervc-chollnesterase, 
and to produce neuropathy, are transformed to 
Bimjlar alkylphosphate metabolites which are ex¬ 
creted in urine, la subjects exposed to a eoclctail 
q£ such pesticides, unspecified metabolites and 
cholinesterase activity are poor BmEx in predict¬ 
ing the risk of acquiring neuropathy. However, in 
such a situation, inhibition of erythrocyte 
cholinesterase is an established BmEx if acute, 
he., cholinergic neurotonic effects have to be esti¬ 
mated. 


2.5. Consideration 8 

Substantial probability of effects calls for BmEx. 

When exposure is expected to be such that 
adverse health effects are lively, preventive mea¬ 
sures may be urgent, expensive and cause com¬ 
motion, The decision process, often, requires that 
the increased exposure and an increased health 
risk are convincingly shown. BmEx ate more 
suited for this purpose than BxEx, as tho hist are 
more closely linked to the health risk. 


2.9, Consideration 9 

This concerns the feasibility of the sampling 
technique and the reliability of the analysis of 
ExEx ve, BmEx 

Determining biomarkers requires a study of 
members of the population. This will easily give 
rise to anxiety. Although from a scientific point of 
view sometimes a biomarkef requiring an invasive 
technique (e.g., sampling of blood or adipose tis¬ 
sue) is preferred, from the point of view of accep¬ 
tance by the public, one may choose for a noa-in- 
vaslve technique (e.g., sampling of Urine or ex¬ 
haled air) or to determine the external ot even 
ambient exposure. Regarding analysis, paramo- 
rets to be considered are: stability of the analyte 
ia the specimen, detection and determination 
limit, accuracy, precision and analytical specific¬ 
ity. 


2.10. Consideration 10 

When tho study and sampling are well accepted 
by the public and the responsible authorities, this 
points to BmEx. 

This preference follows from the idea that a 
really well-designed biomarker study allows to 
estimate effects as well as exposure in an optimal 
way. 

2.11 , Consideration 11 

The cost-effectiveness of PvEst and BmEx should 
be compared. 

In using parameters of external exposure sam¬ 
ples often have to be taken of many different 
materials (soil, air, water, several food products) 
at many different sites, which will make a study 
expensive, For example, in the evaluation of envi¬ 
ronmental lead pollution, ’samples are needed of 
nearly all environmental media. The extensive 
European study of lead exposure in adults and 
children was very cost affective thanks to the 
measurement of lead in blood as a biomarker of 
exposure CVuhter, 1982). 

In general, one should consider if it is feasible 
to perform a study mainly based on. biomarkers 
and supplemented by a limited number of envi¬ 
ronmental measurements. One should also con¬ 
sider the possibility to restrict the study to the 
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highest exposed group or to the more susceptible 
groups- If such a restricted study shows that the 
health risk is negluctable, no effort has been 
wasted; if the health risk appears to be oubstan- 
rial the study can be extended to other groups. 

3. Health-risk estimation based on external 
exposure 

Usually this procedure Is started with a rela¬ 
tively simple, ‘conservative' approach- 

. Consider a ‘typical’ subject. Lee, a subject who 
is at relatively high risk in the situation stud¬ 
ied. Determine hia exposure parameters with 
respect to the relevant media, e,g„ amount of 
air inhaled, amount Of soil ingested, at some¬ 
what conservative values, i.e., values that tend 
to overestimate the real, unknown values. 

. Determine the concentrations of the subs¬ 
tances in the relevant environmental media 
(air. water, soil, food) at point* in time or 
locations whim exposure Ik expected to be 
relatively high, If this latter is not known, use, 
e,g„ a surface grid. Observe the highest con¬ 
centrations of each substance, or the 30th per¬ 
centile value. 

. If the substance has a systemic effect, the total 
Intake of the substance cap be calculated by 
multiplying the concentrations of the pollutant 
In the madia, by the respective, amounts that 
are ingested/inhaled of that medium and add 
the products. In the case of inhalation the 
amount may be ‘adjusted’ as if It were ingested 
by using the inhalatory and gastro-integtiaal 
absorption coefficients. If the exposure is only 
inhalatory, a health-based exposure limit for 
sir pollution might be used. 

, Compare the total intake to an ADI or an¬ 
other exposure limit Amounts of substances 
that have, or are suspooted to have similar 
effects are added, using the ADI (ere) or, 
preferably, an effect-specific exposure value as 
weighting factor. 

. If the exposure is bdowr the exposure limit, 
cloarly there is no problem, the more su be¬ 
cause the exposure was overestimated. If the 


exposure exceeds the limit; the parameter val¬ 
ues wed should be lowered to fit more closely 
to the specific situation. 

. If the exposure still exceeds the limit, the 
probability or extent of effect should be esti¬ 
mated using the exposure-response data. 

Ecampfe.Thia represents a type of situation that 
is to be evaluated frequently. In the Steeadijk- 
polder, The Netherlands, a housing estate of 800 
houaee and several schools was build directly on a 
4-m thick layer of harbour sludge originating from 
20 harbour basin b ia the Rotterdam industrial 
area. Eighty soil samples of locations carefully 
selected to estimate human exposure were ana¬ 
lyzed; they contained organic solvents, PAHs, 
‘dries’ (cyclodiene insecticides) and several heavy 
metals. Also drinking water, indoor air and 
home-grown vegetables were analyzed. Because 
the soil appeared to contribute most, the expo¬ 
sure of infants was calculated in mg/kg per day. 
A ’conservative’ approach which largely overesti¬ 
mated the health risk was used! a typical child, for 
instance, was supposed to be continuously ex¬ 
posed to the highest concentrations of all subs¬ 
tances detected. The calculated ma m m al PAH 
intake by soil ingestion was about half the 'nor¬ 
mal', average intake by tho daily diet in The 
Netherlands: for lead it was about 1,4. The maxi¬ 
mal intake of all 'diins’ was twice the ADI. It was 
concluded that with tire current knowledge the 
calculated exposure would not result in observ¬ 
able health damage (van Wijaen and Stijkei, 1988). 

In this situation the considerations (no-) to 
choose for BxEk were mainly; assessment of the 
environmental exposure as the primary purpose 
of the study GO, presence of too many substances 
to make BmEs possible (4), and low acceptance 
by the public (9), 

It may be noted that this ‘simple’ approach 
produces a distribution of exposures for a ‘typical’ 
person, eventually fot more than one substance. 
In the process of fitting the health-risk estimation 
more accurately to the local situation, this ap¬ 
proach might proceed to a more ‘comprehensive’ 
approach. Hera the personal ExEx should be 
determined in a, preferably, representative earn- 
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pie of the population. Then a distribution of real 
subjects should be made according to the envi¬ 
ronmental exposure. Consecutively, the potential 
effects are estimated, This procedure would re¬ 
quire more extensive and preeise sampling in 
combination with, data On individual behaviour, 
i.e„ contact with the source. 

Regarding the accuracy of the health-risk esti¬ 
mation, in comparison with the use of a BtnEx, 
the ExEx approach has the advantage that the 
environmental contribution and the route of ex¬ 
posure aro reasonably well known, which indi¬ 
cates possibilities for preventive measures. The 
disadvantage Is that possible excessive intake and 
unfavourable toxicokinetics in tins population ere 
overlooked. Some improvement may ba achieved 
by using questionnaires investigating behaviour 
that increases the biologically active dose, but if 
effects are to be expected, it will be precarious t° 
translate those data quantitatively into increased 
health risk, 

a. Health-risk estimation based on blomarkers of 
exposure 

. Determine the distribution of the subjects ac¬ 
cording to a biomarker of exposure, preferably 
In a representative sample of the population, 
blit with as little exposure as possible to the 
same sub(>tiince(s) firom other sources. If nec¬ 
essary, apply a correction, for uon-environmen- 
tal sources by means of a control group and/or 
statistical analysis using questionnaire data. 

. Apply a blomarkef-response relationship and 
predict for each exposure group the probabil¬ 
ity or magnitude of effect. If necessary, try to 
estimate the contribution of the respective 
sources separately. 

Example. Because the Inhabitants of the eity of 
Baia Mare, Romania, were concerned about the 
environmental pollution due to two non-ferro 
smelters, a preliminary investigation was per¬ 
formed in 30 children (age, 3-6 years) living 
within 1.5 km from the lead smelter. Lead in, 
blood averaged S33 /z.g/1 (S.D. 256 ) compared to 


US fi. g/1 (S.D. 35) in a control group at 20 km 
distance. Arsenic in urine was increased as wall, 
but cadmium in blood was not. In a consecutive 
study in four groups of 30 children living at in¬ 
creasing distances from the smelter, the following 
average concentration of lead in blood was found: 
438 (< 1.5 km), 324 (1-2 km), 289 (2-3 km) tod 
155 (3-5 knO. By applying the exposure-effect 
relationship as indicated by the review by Thacker 
(1992) to these biotaarker data, With several as¬ 
sumption* the averages disadvantage in intelli¬ 
gence (‘normal’ ™ 100) was estimated tentatively 
to be at least 20 points in tho group < 1.5 km 
and at 2-6 points in the group at 3-5 km (Verbcrk 
et a!., In press). Orientational environmental 
measurements showed several grams of lead per 
kg of soil and practically no contamination of 
drinking water. 

In this situation, the considerations (no,) to 
choose for BibEx mainly were: assessment of the 
total environmental exposure as the primarily 
purpose of the study (2), expoBuro-respons* rela¬ 
tionships available (3), presence of groups at risk 
(due to intake-related behaviour and alimentary 
deficiencies) (6), substantial probability of effects 
(8), high acceptance (10) and cost-effectivehcaa 
( 11 ). 

Regarding the accuracy of the health-risk esti¬ 
mation, in comparison to the use of ExEx, the 
BmEx approach has tfia well-known (Zieihujs 
I97S) advantage that factors influencing uptake 
(like physical activity and personal hygiene) and 
many variations in toxicokinetics in this popula¬ 
tion (inborn or acquired, due to other chemical 
exposures, use of medicinal drugs, alcohol, to¬ 
bacco, etc.) ate taken into account- However a 
disadvantage is that the contribution of specific 
environmental factors is less dear (viz. Consider¬ 
ation 2). The latter will be a minor problem if the 
contribution of the other Source* i* small and the 
number of subjects investigated is large enough to 
control for the influence of these sources. 

With respect to future developments, One 
should realise that the advantage of a biomarker 
of exposure, compared to external exposure, in 
predicting health risk by taking into account toxi- 
eoklnetic factors (and behavior) is, by nature, a 
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disadvantage in estimating external exposure. The 
expectation that one biomadeer can be developed 
or improved for both purposes at the same tune, 
seem* al least unlikely. 

A combination of the EXEx and BmEx ap- 
preaches would have the advantages of both: it 
can elucidate the lauie/soufca of the subgtan.ee 
and can optimally predict the health risk. How¬ 
ever, it would be very laborious, and although 
recommended by some (Ostcrloh and Beaman 
Tardier, 1992), it has to the author’s knowledge 
not bean applied. 
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